The influence of the silica fume (SF) addition on the basic mechanical and thermal parameters of cement concrete was presented in this paper. Numerous studies show that the specific properties of silica fume allow producing concretes with increased strength and durability properties. However, the results of the authors' own studies demonstrated that under specific circumstances, the SF addition can negatively affect the strength of cement concrete. In this paper, the concretes made from two types of coarse aggregate, 4-8 mm fraction: reference ordinary gravel aggregate (Ref) and broken basalt aggregate (Bas) were tested. Comprehensive tests (microstructural, strength and thermal) were carried out on three formulas: the first one (Ref-0) did not contain any additives or admixtures. Silica fume and superplasticizer were used in the second formula , introduced in the amount of 8% and 0.75% of the cement's weight, respectively. The third formula, based on basalt aggregate (Bas-8), also contained silica fume and a superplasticizer, dosed in the same amount as in the second formula. Porosimetric studies showed that the use of silica fume in the Ref-8 formula resulted in a decrease in the number of pores smaller than 0.15 μm in comparison to the Ref-0 reference concrete without the silica fume. On the other hand, numerous additional pores with diameters ranging from 0.05 to 300 μm were found in the Bas-8 concrete. In turn, optical porosimetry proved that the basalt-based concrete had numerous pores in the range above 70 μm, which were not observed in the case of the concretes with ordinary pebble aggregate. In the case of the normal concrete, the addition of silica fume resulted in an increase in the compressive strength. However, the basalt-based concrete, due to its much higher porosity, achieved significantly lower strength values. The results showed that the observed changes in porosity, caused by the presence of silica fume, resulted in lower values of thermal conductivity and specific heat of mature composites that it had been added to. This was particularly evident for the basalt-based concrete.
INTRODUCTION
Silica fume, also known as microsilica, is a waste product from the metallurgical industry that occurs in the production of metallic silicon, ferrosilicon and other silicon alloys. It consists of microscopic spherical particles which have a diameter of approximately 0.1 μm and a specific surface area of approximately 20 m 2 /g. Due to the highly fragmented structure and pozzolanic properties of silica fume, it is a valuable additive for concrete, especially in the era of the development of superplasticizers; which allow the introduction of larger quantities of silica fume into the concrete mix. Addition of microsilica brings tangible ecological and economic profits, related to, among others, the possibility of replacing a significant amount of cement, the production of which has a very significant impact on the natural environment.
The existing examples have also proven to be beneficial in terms of their technical aspects. The literature on this subject contains numerous studies which show that the specific chemical and physical properties of silica fume allow producing the concretes with increased strength and durability.
The metakaolin-based mortars where metakaolin was replaced by silica fume or colemanite, were examined previously [Uysal et al., 2018] . In the case of the mortars with the silica fume addition, a significant increase in the compressive and flexural strength was observed, as long as microsilica did not exceed 20% of the mass of metakaolin. At higher concentrations, a lower strength was observed compared to a reference mortar without silica fume. It was also found that the addition of microsilica increased the abrasion resistance of the tested mortars.
Pedro et al. tested concretes with different proportions of silica fume, 0%, 5% and 10% of the total cement weight, in which natural aggregate was replaced with recycled concrete aggregate [Pedro et al., 2017] . In all groups, there was a several-percent decrease in compressive strength, both with an increase in recycled aggregate content and an increase in the SF content. In addition, the absorption of water by capillary suction and the water absorption of the tested concretes also increased along with the fume content.
Numerous studies on the properties of concrete with recycled aggregates with the addition of silica fume are also being carried out. In a previous study, the possibility of improving the properties of concrete with recycled aggregates through the use of microsilica was discussed [Abd Elhakam et al., 2012] . It was proven that the addition of 10% of SF in relation to the weight of cement significantly increased the compressive and flexural strength of concrete with 75% recycled aggregate content. Similar conclusions were found by others [Xie et al., 2018] , [Pedro et al., 2018] .
The influence of silica fume on the properties of concrete with the addition of waste marble dust was investigated previously [Khodabakhshian et al., 2018] . It was shown that while the addition of marble dust alone has a detrimental effect on the strength of the concrete, the use of a mixture of silica and marble dust can replace up to 30% of the total weight of cement while maintaining comparable properties to the reference concrete without additives.
A series of tests of concrete with nanosilica, in which the natural quartz aggregate was replaced by glass cullet were described [Skoczylas and Rucińska, a, b, 2018], [Sikora et al., 2016] . In this case, nanosilica was added in the amount of 1% and 3% of cement weight. In both instances, an increase in compression strength was observed. Nanosilica, however, caused deterioration in workability and reduced flow of the fresh mixture. The shrinkage during drying was also higher. The information on the use of microsilica in concrete with glass waste is widely discussed in [Mehta and Ashish, 2019] .
Li et al. also investigated the influence of nanosilica . These authors studied the concretes with the addition of both ordinary microsilica and nanosilica. The authors showed that the addition of nanosilica increases the water demand for mixtures and the necessary amount of superplasticisers in order to obtain the same consistency as in the concrete without silica additives. However, it has been proven that concretes with the same compressive strength as normal nanosilica concrete do not require additional superplasticisers. According to the authors, the concrete mix containing both ordinary microsilica and nanosilica was the most beneficial in terms of strength.
Other additives include magnetite dust, and its influence on the properties of heavy concrete was investigated in [Sikora et al., 2019] and .
Silica fume can also be used as an additive to improve the properties of concrete based on other waste materials. The concretes with rubber waste [Xie et al., 2019] , or waste fibers from coconuts [Khan and Ali, 2019] were tested. In both cases, it was possible to partially mitigate the decrease in the value of mechanical parameters of concrete with waste, owing to the SF addition.
Microsilica is also used in concrete where water contains high levels of bacteria [Siddique et al., 2017] . It was shown that this type of concrete, combined with the silica fume, is characterized by higher mechanical strength than the concrete without bacteria and microsilica. The optimal content of silica dust was determined at the level of 10% of cement mass. It was also shown that both the content of bacteria and microsilica significantly reduce the water absorption of the tested concretes.
The results of numerous tests carried out on the concretes with the SF addition usually demonstrate the beneficial effect of silica fume on the mechanical parameters of cured composite. However, the application of this additive has proven to lead to an unexpected drop in strength under certain circumstances. On the basis of standard assumptions, it could be assumed, for example, that the simultaneous introduction of a very good basalt aggregate into the mixture and additional thickening of the mixture with the use of microsilica must result in a significant increase in the strength of the resulting composite. Meanwhile, such a parallel attempt to improve the strength characteristics resulted in the counter-productive end result. This is related to the specific changes in the microstructure, affecting not only the strength but also other properties of the modified concrete. The paper presents the results of complex studies (microstructural, strength and thermal parameters), indicating the complexity of the problem. The experiment evaluated the effect of the addition of microsilica on the properties of concrete made on two different types of aggregate: ordinary coarse pebble aggregate and heavy crashed basalt aggregate.
MATERIALS AND METHODS
The research was carried out with the concretes made on the basis of coarse-grained aggregate, pebble-shaped ordinary aggregate (Ref) and crushed basalt aggregate (Bas). Two formulas were tested using an ordinary aggregate of 4-8 mm fraction, the first of which was made without additives and admixtures (Ref-0). In the second recipe, 8% microsilica and a superplasticizer (0.75% of cement weight) were added to maintain the consistency of the mixture (Ref-8) . The formula (Bas-8) also contained microsilica and superplasticizer, and basalt of 4-8 mm fraction as coarse aggregate.
The same cement, i.e. CEM I-42.5R was used in all the variants. The W/C ratio was constant and equal to 0.55. Similarly, in all mixtures the ratio of sand 0-2 mm to cement was constant, and equal to 1.2. The composition of individual formulas is presented in Table 1 .
For all three types of concrete, 8 samples of 10×10×10 cm were made for the strength tests and extra 2 samples for the porosimetric tests. The samples were stored for the first 28 days in a high humidity climate chamber. Compressive strength was tested after 7 and 28 days of curing. For each type of concrete and given test date, the mean value of compressive strength f cm , standard deviation, coefficient of variation and characteristic value of strength f ck were calculated.
The porosity tests of individual composites were also performed, with the measurements using mercury porosimetry as the first step. After three months of curing and drying, the midsections of the cubic samples were cut out. The 0.7×0.7×2.0 cm samples were prepared from them. The surface tension of mercury was assumed to be 0.48 N/m and the contact angle was set to 140 degrees for intrusion. The samples were first subjected to low pressure (up to 0.34 MPa), then the mercury-filled cells were weighed. Afterwards, they were placed in a pressure chamber and subjected to high pressure (up to approx. 413 MPa).
Next, the microstructural studies were carried out with the use of optical porosimetry using the RapidAir 457 device. The middle cross-sections with 10x10 cm side were cut from the cured cubic samples. The samples were finely ground and polished using abrasive powders. Subsequently, the test sample surface was painted black and the pores on the sample surface were filled with white zinc paste. Two test samples for each concrete were tested. The analysed surfaces had a surface area of 8x8 cm. The traverse, from which the readout was made, was 1600 mm long. Each sample has been tested twice. The second readout was taken after the sample had been turned 90 degrees in the apparatus. The obtained results were merged from both porosity measurements. Figure 1 shows the photos of concrete cross-sections using the SEM technique.
Thermal parameters variability tests were performed with the use of Isomet 2104 device. This method is based on the analysis of heat flow readings at its transient flow. Thermal conductivity coefficients λ and volumetric specific heat cv were read out. The research was carried out after one year of curing of the samples and after their complete drying at the temperature of up to Figure 2 shows the log-differential graphs of the porosity structures of individual concretes. The SF addition has resulted in numerous pores with a diameter of less than 0.007 μm which are not present in the Ref-0 reference concrete. The concretes with microsilica are also characterized by a much smaller number of pores in the range of 0.03 to 0.2 μm. In the case of the Bas-8 concrete, there are also numerous pores from 0.3 to 4.0 μm and from 70 to 300 μm, which are not found in the concrete based on the reference pebble aggregate. Figure 3 shows the values of the total specific areas of concretes obtained from mercury porosimetry tests. There is a clear effect of microsilica, which has doubled the specific surface area with reference to the Ref-8 concrete. Figure 4 shows the log-differential graphs of concrete porosity structures obtained from the optical method. In the tested range from 4 to 4096 μm, there are clear differences between pebble aggregate and crushed basalt aggregate concrete. Numerous large pores ranging from 30 to 2000 μm occurred in the Bas-8 concrete, in an incomparably larger amount than in the other two tested concretes. Figure 5 shows the registered specific areas and the spacing factors obtained with optical porosimetry. The optical method is not as sensitive as mercury porosimetry. Nevertheless, the specific surface area α of the Bas-8 concrete in . This is caused by a much more aerated cement matrix in the Bas-8 concrete. The thermal properties of the more porous cement matrix also compensate for the influence of the basalt aggregate itself, which in turn has a higher thermal conductivity than the common aggregate.
RESULTS AND DISCUSSION
The differences in the average volumetric specific heat volume values are small. Despite the more porous structure of the Bas-8 concrete, its volume density is even higher than that of the reference concrete. This is due to the higher density of basalt aggregate, which also increases the specific heat of the entire material.
CONCLUSIONS
The paper discusses the results of research on the influence of silica fume on microstructural, strength and thermal properties of concrete made from various coarse aggregates. The results of the experimental studies can be summarised as follows:
• Introduction of microsilica into ordinary concrete based on pebble aggregate resulted in an expected improvement of the mechanical parameters as a result of reduced pore size in the modified composite. • The use of basalt as a coarse aggregate resulted in numerous additional pores in the cement matrix. In this case, the silica fume did not thicken the cement matrix effectively. The amount of pores in the reference concrete was significantly lower. • Additional porosity of the Bas-8 concrete resulted in a significant reduction of In conclusion, it can be stated that microsilica has improved the strength parameters of the 28-day cured concrete when using normal pebble aggregate, while in the case of the crushed basalt aggregate, it has significantly worsened the strength parameters of the resulting concrete. An attempt to improve the mechanical parameters of concrete by using a very good basalt aggregate and simultaneous addition of microsilica resulted in a composite with a much higher density, but also with a higher porosity. This led to a significant deterioration in the mechanical properties of the material modified in this way. The obtained results indicate the need to be very careful in predicting the effects related to microsilica activity. The results are also dependent on the type of aggregate, usually considered as a neutral factor. 
